(19) 



J 




(12) 



EuropSisches Patentamt 
European Patent Office 

mi EP 1 034 939 A1 

Off ice europeen des brevets tr 1 vr^-r 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

13.09.2000 Bulletin 2000/37 

(21) Application number: 00301610.2 

(22) Date of filing: 29.02.2000 

(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MCNLPTSE 

Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 05.03.1999 US 263594 

(71) Applicant: 
Hewlett-Packard Company 
Palo Alto, California 94304 (US) 

(72) Inventors: 

- Underwood, John A. 
Vancouver, WA 98686 (US) 



(51) int. CI 7 : B41J 29/393 



Arquilevich, Dan 
Portland, OR 97215 (US) 

• Woodruff, Charles 

Brush Prairie, WA 98606 (US) 

• Geske, Brent A. 
Vancouver, WA 98665 (US) 

• Soto, Braulio 
Lacenter, WA 98629 (US) 

• Tanaka, Rick M. 
Vancouver, WA 98683 (US) 

(74) Representative: 

Jackson, Richard Eric 
Carpmaels & Ransford, 
43 Bloomsbury Square 
London WC1A2RA (GB) 



(54) Automated ink-jet printhead alignment system 

(57) A method ( 1 00) and means for automatic align- 
ment of ink-jet printheads includes fitting measuring 
constructs (401. 503, 505, 601) to actual print data 
acquired form a print made using a given, predeter- 
mined, test pattern data set. Specific test patterns (701 . 
801-805) for use in automated alignment of ink-jet print- 
heads are suited to providing a variety of printhead 
alignment information in a compact format. The test pat- 
tern data set incorporates techniques for avoiding car- 
riage-induced dynamic errors during automated 
alignment of ink-jet printheads. 
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Description 

RELATED APPLICATIONS 



docket no. 10981809-1. 
BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

,0002] The present invention relates generally to ink-jet printing and. more specmca.ly to ink-jet pen alignment 
using test pattern analysis in a hard copy apparatus' self-test mode. 

2. Description of Related Art 

Output Hardcooy .'s-c/ Devices, chapter 13 (Ed. R.C. DuttecK a a ^ ^ are 

[0004] An ,nk,e, pen includes a pr.nthead wh.ch coM ofa numb rrtco u ion ^ to f ire ink 

employed by pnnthead drop ^^^^X^^S^ media as Hi. pen is scanned across the 
droplets that are used to create a ported dote ^n air ^^l*™™^ to as -paper" hereinafter). Generally, the 
media (for convenience of description, all pnnt med.a *^"^ r **££ referr£ £ £ as the y -ax/s. and the ink drop 
pen scann,ng axis is referred to as the *- «* ^nn, med a t = rt a*s ^JjJ^ ^ Qf nozzles , caIled 
firing direction from pen to paper is referred to as the z .™ s ™ l ™ n » Drimit ives within a column for cyan, yellow. 
primitives are used to form nozzle arrays grouped by ,nk cotoj J-jJ^Sdle^aS vertical column position on 
magenta, or black ink ("CYMK"). A g,ven nozzle of the pntfhea ,s ££X^ r^ri** <*» P^oLrs (10 12 
the paper referred to as a ^ 

s:in^ 

can print a swath of dots generaHy equivalent to ^ i^SSp.- The P rint media iS 

print composite black using color ink. Static ^-^^^^^^S^^riQ systems with reciprocating 
tolerances of the scanning carriage mounts for the '^^^J^^^^S^ motion. Such errors are 
carriages typically have inherent dot ^^^^^ H pX w7h a constant carriage ve.ocity, these 

r: y wT^^^^ 

factors, the pitch of the error will be a function of carnage ^locrty_ m error parameters is 

[0006] One method for determining and correcting ^"^,3 to Ermine the pen alignment error param- 
whereahard copy apparatus printsatestpatiernanduse^^^ 9 jn Qf 

ratus settings, which are most appealing to that .nd.y.d ual cartridge bidirectional alignment in 

t^S^^^"^™^""-™" — - 

paper feed axis. H.eHncip * standard oen plotter related method of monitoring and 

point to make a comparison with a test line. 
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K>0091 In U S Patent No. 5.289. 208, Haselby discloses an automatic print cartridge alignment sensor system. 
[0010] In US. Patent No. 5.448.269, Beauchamp et al. use a test pattern for multiple ink-jet cartridge alignment for 

j^T^n^S™ No. 5,451 .990. Sorenson et al. use specified test patterns as a reference for aligning multiple 

IOoi2i Cartr S 0 US. Patent No. 5,600.350, Cobbs et al. teach multiple ink-jet print cartridge alignment by scanning a ref- 
erence Dattern and sampling the same with reference to a position encoder. 

S 3] [Each ^ent listed above is assigned to the common assignee of the present inventionjt ,s aso» 
use test patterns fo testing and clearing of nozzles, testing ink quality, and for color correction; those functions are 
^tS^SlnTprLnt invention and require no further explanation for an understanding of the present ,nven- 

SSoi 41 Generally, large format ink-jet plotters use the strategy of using one block of nozzles from one column on one 
DrinthUd as a reference All other nozzles on every printhead are then aligned relative to this reference block, 
mm si The eTemains a need in the state-of-the-art for more accurate methodologies for aligning mk-jet pr.ntheads. 
remJns a ei o automatic alignment of ink-jet printheads. that is. without the need for re.iance on the users 
acZ ThereVemains a need for techniques for avokJing carriage-induced dynamic errors during automated 
a,?gnrnent of ink et pleads. There remains a need for test patterns for use in -tomated a = ent of mk-.et print- 
heads which are suited to providing a variety of printhead alignment information ,n a compact format. 

SUMMARY OF THE INVENTION 

rnm 61 In its basic aspects the present invention provides a method of determining ink-jet printhead alignment off- 
ETX. m included stlps of : printing a test pattern on a sheet of media, the test pattern providing a design o 
p LeSmined nominal shape and spacing parameters in accordance with a first data set. acquiring; a second d ata s et 
^P«nt a tive of actual shape and spacing parameters of the test pattern from the test pattern on the sheet of media, 
i^^^^S^^I the P 1irst data set to the second data set such that an initial « offc-vJJMS 
d. termini by a characteristic of fit between the first waveform and the second data set, partition^ the second , da J 
Z into a oluralitv of individual third data sets selectively chosen from the pattern for measunng differential offset values 
CrL n SI second data set fitting a measuring construct to each of the individual third data sets for determmmg 
an actual ^^headTgnment o«set vaL for each of the third data sets; and calculating an actual printhead alignment 
oUseWalue for each of the third data sets using the initial offset in combination with comparison data representative of 

ahonment of an ink-jet printhead device. The memory includes program rout.nes for storing a test pattern first data set 
me test pattern hav ng objects with given nominal object spacing and object width; program routines for storing a test 
pattern second data set from reading back a printed first test pattern data set. program routines for f rtting a firs, ^ave 
Sm eorSntafive of the first data set to the second data set such that an initial fit offset value is determined by a char- 
a^^Tb^aen the first waveform and the second data set; program routines for partitioning the second data 
STS. oC^Sividla. third data sets seiective.y chosen from the pattern for measuring deferential o^oes 
e! dencec I in the second data set; program routines forfitting a measuring construct to each of the ind.v,dual third data 
tZZZfiSnS^n actual printhead alignment offset value for each of the third data sets, and program routines for 
c^^actJL printhead alignment offset value for each of the third data sets using the intta offset ,n corona- 
tion with comparison data representative of comparing the measuring construct and the second data set 

OW in another basic aspect the present invention provides a method for aligning ,nk,et printhead device^ ^ 
hard copy apparatus having a printhead nozzle-firing mechanism for directing ,nk- )e t nozzle firing pulses. The method 
r n c^es the steps of upon changing at least one of the printhead devices or upon an end-user apparatus test mode 

^mentetion command. automaSally printing on a print media a given test pattern from a first data set having test 
^ obTects of a give n shape and spacing dimensions, the given test pattern including objects relevant tc , determin_ 
K I ZSad device alignment offset values relative to the at least one of the devices; automatically read.ng back 

5S2il « i0 " 38 3 SeCOnd d3ta S6,; Partiti ° nin9 S6COnd ^ int °« T tV ° ^InTed Z 
SnTa fve of printing in a predetermined orientation such that a plurality of subpattern offset values ,s represented for 

he or in Zt a predetermined orientation; fitting a measuring construct to each of the subpatterns; determining from 

^ mea Sing construct a printhead device alignment offset value between a printed test pattern object actual posit.on 

and a Drirt* test pattern object expected position based upon the first data set; and transmitting a final printhead 

, ^Z^<^^ ^W the initial offset and the printhead device alignment offset value to the pr.nt- 

S£«^?!» W £ the present invention that it provides a unified method for measuring various systematic 

ink-jet printhead misalignment characteristics and parameters. 
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m-0, ,, is an advantage o. the present inversion tha, i, provides an alignment correction taao, having a g-eate, 

; ,r r s ssr,scn. — « - - — — — - smai as one ^ B,h 01 a 
. ffi"sssr£SSS'«- «- ■ a Mnnp,,ie,i2e<) p,ocks 

alignment error values with minimal computational M«n»* H computerized, automated alignment error 

srno - - - a °' 

SSmTTi. a turthe, advantage of the present invention ,h„ i, can be automatically implement upon a punthead 

^T r «rad^ 

ICH. 0 * a° adva^e 7*1 Sr. invents tha, i, provides a test pattern pw *hich rtnimizes the need «, 

" ?"r°"usird n ^x^^ 

SST ' S KSKS-tSESl^r — ' — extensive data 
Led to compensate lor harmonic Ireguenc, f"'^^^^^.^. apparent upon consideration ot 

throughout the drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 
[0030] 

FIGURE 1 is a flow chart of a method in accordance with the present invention for determining ink-jet printhead 
alignment offset values using test pattern data_ accordance with the method shown in FIGURE i 

- ™ al — ■ * e in acc " aaroe 

SSi"ffl :™.1 F ^ a "p— — «■ ■ » <*- acaui,ed da,a in acc °" ,aoce "* me 

SS^s" a^h snU»ng exemplar, relative position o, trapezoid center in accordance -h the methodo,- 
%5S?K ™ g^ho»ing exemplar, ot.se, bemeen adiacen, test pattern tigures in accordance with the 

Z^JZZ£££^££<~ — — — ™ measu,emOT c ° ns ' ^l,c, '" 10 acoi " ,M 

^Trj^^^'^^ " 10 

RGURE B S 8A through 8E depict pattern variations tor the test pattern in accordance with me present invention as 

shown in FIGURE 7. 

* ^ in <hi* soec'if ication should be understood as not being drawn to scale except if spe- 
[0031 ] The drawings referred to in this speculation snou.u u« 

cifically noted. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Sres^fe^^^ 
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, ^ * 4 ie r^rintoH ctpn 101 on the particular print medium that the end user intends to use currently. 

,^ompul« mOTor^ n B ^ acqui(ing j,,, tor w spacing and bar »Mth, step 1» The 

S^nS^nTS^ APP-- Ser. No. 08/885.486 by Wa,Ker. assigned to the common ass.gnee of the 

present > . data from an optica, scan across the page width will be in an ana.og form depicted by FIGURE 

fS5 ^ ^SrmvSn naturally be a function of the resolution and sensitivity of the specf.c optical senso 
( T ^Zlnl^r^^nceLa is processed via any known manner analog-toOigital converse and digital 

SET* IS data correction is made by eliminating any DC bias in the data, step 107. Approximately an eight-cycle 
1 i HtrlintrifsetSed as shown in RGURE 3 (as is known in the art, pulses off of the scanning pen carnage 

mmm§mmm 

„ aSalra shm'.elafive posraon men becomes me -«a. offset." ma. * «*, me «*, paffern bars be 9 ,n 

on the oiot relative to the expected position, e.g. an initial offset of 1 /4-dot width. 

SnS Sred data also includes data which is outside the bar patterns, generally .n the paper margins^ In FIG- 
2 this^rep^senrX end regions 203, 204 of the waveform 201 The data for these regions, ^g. 80-300 data 
URE 2. this isrepresemea Dy e a aCQuired data set 105 by subtracting the initial offset; region 205 then is the 
^J S i2£ , «2T The -r^^JS^^^L^^ 1 13. into N-cyc.es. where N is the number of pat- 
,5 retained ^*^ f ^^^?™£ e g 18 o- di gital data points forming a single cycle of the waveform 201 
^^n^^-SSn Sign* the given printed test pattern 101 , a fair.y accurate start of the data 
10038] Alternatively, irom * be estima ted. From this starting point, a localized data search can 

tzt.tz^^^zt^^ ^ ^ » » « — 
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actual center of each bar in the pattern. 

[00411 In a first embodiment, using a known manner simplex non-linear minimization (see e.g., Press et al., supra. 
at pp 305-307) a trapezoid waveform is fit to each wave form cycle, representing a test pattern bar and white space. 
FIGURE 4A shows a fitted trapezoid waveform 401 and the clipped signal 20 V of the retained acquired data for a single 
printed bar relative to adjacent white spaces, regions "a" and "a'." 
[0042] Thus, each trapezoid is a fit having the following parameters: 

"a" = left top segment, 
"b" = negative going slope, 
"c" = middle bottom segment, and 
"d" = positive going slope. 

Note that the slopes are a more accurate fit by being fitted to the clipped waveform 20V because data due to 
peak/trough ragged edges in the full waveform 201 have been deleted and thus do not bias the computation of the 
slopes "b" and "d " With the trapezoidal measuring construct, using the parameters "a-d." the center of region "c" is 
determined step 119. For the twenty bar exemplary test pattern, FIGURE 4C graphically depicts the relative position of 
trapezoid centers compared to an ideal where the center-to-center given test pattern distance should be ninety when 
one-hundred eighty data points are analyzed. 

[0043] The final offset is calculated by subtracting the centers of each pair of adjacent bars. In the present exem- 
plary data set there are twenty bars, or ten pairs, so the sum of the differences divided by ten will be returned as the 
final average offset value for that particular pattern of bars for use by the nozzle firing algorithm, step 121. FIGURE 4B 
is a plot to the pair differences in the exemplary embodiment with the average represented by the bold-line. 
[0044] tn other words, if a row of bars is partitioned into adjacent pairs, bar A1+bar B1 , bar A2 + bar B2. bar A3 + 
bar B3. et seq. . then errors due to misalignment would be calculated as: 



25 



40 



50 



55 



EP 1 034 939 A1 



1* pair offset = (Bl - Al) 

- PS„ [Equation 

1] 

2 nd pair offset = (B2 - A2) 

- PS d [Equation 
2] 



N* pair offset = (BN - 
AN)-PS d 

[Equation N], 

where PS d is the designed pattern spacing expect*. The errors for a,, pairs of bars are averaged to arrive at the f ina. 
average offset value: 

final average offset value = (pair offsets) <- N [Equation 3] 

namely Iron, . Ml ro» of colored ba. P«* P£»J»" ™2 " the mechanical Frances beween the pens 

by the nozzle-firing algorithm. For Pxamole a determination of the location of the midpoint 

[00 471 Alternative ca^^^ datg The |ocation of the center poin t for 

between successive alternate bars. Al to ,s J™ a ~ midooint Since the pitch of the bars is theoretically 

'^ro^e^^ — 

bar. Thus, the formula for the first error values would be: 

error value 1 st pair=(midpoint A1 and A2)-midpoint B) [Equation 4). et seq. 
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, «. ♦h™ a «oraaed for the test pattern row or column of bar pairs. Note that this cal- 
Again. the calculated error values are then ^ag^for he test p ^ ^ system 

culation is not dependent on an '^^^^^^^ an the carriage position encoder strip were 
Scanb^^^ 

is -n CYMK inks, but for purpose of th.s patent ?£ K for black' The .ayout of 

the appropriate letter for each color ink viz C tor ^™2£^ e| ^, and S for four p ri ntheads to be aligned to 

[0050 Reg.ons 703. 703 . 703 and 705 are ' P«™« ° rf ^ , ink drop generators up 

and the .ike, which cause ^^r^J^^^l?^ in the compiling of acquired test pat- 
to operating temperature. Regions 703, 703 , ru ^ ana /uo y« r M „ Am roninn where offset values as discussed 
tern'data (FIGURE 1. step 103)- Region 707 ''tniTt^^e^gnLn, m the honzon- 

herein with respect to FIGURE ' -"t^^^ In the.irs, L. magenta to yo»o» 

J^MMT^^ ^. 700 , 

30 or y-axis. t determine offsets in column-to-column spacing 

[0052] Region 711 prov.des full column nozzle f mng rorr .pen 1 10 a ^ q{ ^ 

* — 3 t££K5d« 4n» strength res* partitioned to relate 

s^rirr^^^^^ - 

itive offset values. A column of dots forming a color bar ^J^^^^ always pertec ti y aligned but 
bar printed by firing all nozzles. However, .n manufacture "^^^^^J^^^^n a pair 
are given a column alignment ^ 3 ^^J^ h ^ 7 T/b wSji ncSes in both columns and 
of printed bars of the test plot reg.on 713. one bar is pr nted_ as in '®9' 0 / « in otner words every 

^barotre^^^^ 

other column requires N p passes, wnere Np numoe h Dr imitive set used to print the sectioned 

£" IhTotL between the primrtrve used es £! ^'££25 Ever, other be, is printed in the 

,0055] Region 715 comprises e to. ^^•^'^(J^^'TSSl^l, provided to. each design 
opposite scanning are.*o„ to J^^KS^^S^!*. speed and the O.S., vatues 

-7- B ^i P rnC:rre^— n^erlessthan 
process time should be reduced to approximately one-quarter of the full test cycle. 
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the process measures and calculates the oflse,s J^™ een J ' ' • alianments and perpendicular ink drop firing, 

ent alignment aspects, e.g. vertica.. y-ax.s, al, 9 n ™^ P^lems will arise if the 

based upon mechanical des.gn projector^ jn fect hg|f thgt Q , a 

characterized, the spacing of the printed blocks fe set for ^«^' r ^J erence row A reference row of bl0 cks is 

■ 

"^Whiie FIGURE 7 does not incorporate any of the FIGURE 8A-8E techniques, it is intuitively obvious that one 
„ ornJreofsuchspa^ 

average offset 'f^^ 

trapezodal waveform rt demonstrated by RGURE * fo p ^ ^ ^ fa , ^ d _ ^ ^ 

to the data and projections of ^^^^^^^ construct is employed to determine the true 

100651 n ' n H a ^ a ndTe"r ^i^iS?3^ STrS. the given test pattern, the theoretically idea, bar 
center of each bar and, hence, the tmai average un*«i ^ rfriir4 mi iQ .--d havina a width. "W." from the design 
so widths and spacing* are IgXjSn used with the clipped 
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anism for apt hq corrections to improve the print quality of subsequent print outs. The present invention may be imple- 

\L^nh- tear software using known manner computer memory devices, 
mented ,n h_ *e or software using embodim ent of the present invention has been presented for pur- 

[0K7] , 'ii '^S^^^Smio be exhaustive or to .imit the invention to the precise form or to 
poses of ill* jn and dW^- ^"ST many modifications and variations will be apparent to practitioners 
exemplary emood.ments «* 8< ^^^ e ^d^aht be interchangeable with other steps in order to achieve 
skilled in this art . SmjUjg ^any •^^^£SS^S 1o beS ? explain the principles of the invention and 
the same result. The embodiment was cnosen arc ob understand the invention for various 

SSSUSS^ scope of the invention be defined by the claims appended hereto end the,, egyvalents. 
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1 . A method of determining inh-iet printhead alignment offset, characterized by the steps of : 

printing a tee, pattern on a sheet o, media, said test panern providing a design of predetermined nominal 
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data set (119. 121). 

The method as set forth in claim 1 . the step of calculating further characterized by the step of: 

determining relative position of centers of each measuring construct of each of said individual third data sets, 
comparing said relative position to expected position based upon said first data set. 

3. The method as set forth in claim 1 or 2. the step of calculating further characterized by the step of: 

averaging actual printhead alignment offset values ca.cu.ated for each of said third data sets and selecting said 
average as said actual printhead alignment offset value (121). 

4. The method as set forth in claim 1 . 2. or 3. the step of acquiring a second data set characterized by the steps of: 

optically scanning individua. regions of said test pattern for variations in reflectance across said regions, 
converting analog reflectance values into a digital data set, and 
storing said digital data set in a computer memory as said second data set (103. 105). 

The method as set forth in claim 1 , 2. 3. or 4. the step of fitting a measuring construct further characterized by the 



step of: 



reducing each said individua. third data sets to provide data representative of linear regions of reflectance data 
(115) for each of said individual third data sets. 
The method as set forth in claim 1 . 2. 3. 4, or 5. further characterized by the step of . 

errors for all pairs of bars are averaged to arrive at the final average offset value by ca,cu.ation in accordance 
with the formula 
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final average offset value = Z pair offsets + N (FIG. 4C). 

7. A computer memory for implementing an automatic alignment of an ink-jet printhead device, characterized by: 

means for storing a test pattern first data set. said test pattern having objects with given nominal object spacing 

^SsttgaJist pattern second data set from reading back a printed first test pattern data set (103. 

™« for f ittino a first waveform representative of said first data set to said second data set such that an initial 
Z^^^^^ * characteristic of f H between said first waveform and said second data set 

means for partriioning said second data set into a plurality ofindividua. ^^^^ Ch0S6n fr ° m 
said oattern for measuring differential offset values evidenced .n sari second data set (1 13 . 
iSCa li construct to each of said individua. third data sets for determ,n,ng an actual pr.nt- 
head alianment offset value for each of said third data sets (1 1 7); and 

means or Slating an actual printhead alignment offset value for each of said third data sets us.ng sa.c I .n.tjal 
offset in ^combinaS with comparison data representative of comparing said measunng construct and sa.d 

second data set (119. 121). 

» 8. The computer memory as set forth in claim 7. said means for emulating an actual printhead alignment offset value 

further characterized by: 

means for determining relative position of centers of each measuring construct of each of said individua. third 
meanTfor comparing said relative position to expected position based upon said first data set. 

9. The computer memory as set forth in claim 7 or 8. the means for calculating an actual printhead alignment offset 
value further characterized by: 

means for averaging actual printhead alignment offset values calculated for each of said third data sets and 
selecting said average as said actual printhead alignment offset value (121). 

1 0 A method for aligning ink-jet printhead devices in a hard copy apparatus having a printhead nozzle-firing means for 
' directing ink-jet nozzle firing pulses, the method characterized by the steps of: 

unnn chanaina at least one of said printhead devices or upon an end-user apparatus test mode implementation 
^r^Tuima?«l°y printing on a print media a given test pattern from a first data set having test pattern 
ZTc a ven Sand spacing dimensions, said given test pattern inching objects recant to deter- 
nS Printhead dev.ee alignment offset values relative to said at leas, one o ^ (10 1), 
automatically reading back printed test pattern information as a second data set (103/105) 
oaSnfLid second date set into a plurality of subpatterns representative of print-ng m a prede ermmed 
oneS^nsucn that a plurality of subpattern offset values is represented for said printing m a predefined 
orientation (113); 

i iff inn a measuring construct to each of said subpatterns (11/). 

SminTng'rom'said measuring construe, a printhead device alignment ^^"^g^™ 
pattern object actual position and a printed test pattern object expected pos.t.on based upon sa.d f.rst data set 

la^smfttng^ina. printhead device alignment offset value based upon said initial offset and said printhead 
device alignment offset value to said printhead nozzle-fir.ng means. 

1 1. The method as set forth in claim 10. further characterized by the steps of: 

for determining bidirectional scanning axis offset values, using a determined left-to-right printheac I device 
alignment offset of same absolute value with opposite delay imposed by the nozz.e-f .r.ng means for nght-to-lett 
scanning of said printhead device. 
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